Abstract: Stem cells are the cells that have the ability to regenerate themselves and are able to differentiate into one or more specialized cell types. This unique property makes them a valuable source for in vitro disease modeling, drug designing, regenerative medicine and tissue engineering. As no specie can fully mimic the human microenvironment, human cell models derived from patients cells provide a fascinating avenue for enhancing our current understanding of the early molecular stages of various diseases followed by validating therapeutics. In this paper, we reviewed the role of stem cells in regenerative medicine that includes use of cord blood derived stem cells in medicine and patient specific induced pluripotent stem cells for future transplant purposes and the hurdles and obstacles that we need to address before we can safely use these cells for patient cure.
INTRODUCTION
Stem cells are cells that can divide to give rise to specialized progeny and simultaneously self-renew in order to maintain their own population. They may be classified according to their origin as embryonic stem cells (ESCs) present in the inner cell mass of a blastocyst and tissue stem cells (TSCs) that are present in several tissues in the human body including bone marrow, peripheral blood, skin, intestine, ovarian epithelium and testis. ESCs being pluripotent can give rise to all of the cells of the three germ layers while more specialized TSCs play a role in replacing old and damaged cells in the tissues in which they are present.
Regenerative medicine entails replacement, regeneration and engineering of cells, tissues or organs in order to establish normalcy of function or physiology [1] . For some congenital defects, injuries and genetic diseases, the field of clinical medicine currently offers mainly symptomatic therapy but regenerative medicine hopes to provide a cure.
The main objective of regenerative medicine is to develop novel therapies capable of replacing and restoring the functions of the tissues and organs within the human body. Globally, scientists are facing major challenges to explore the role of stem cells in human body and are working on crucial therapeutic strategies to treat diseased, injured or senile tissues, but they are coming across many obstacles in translating the in vitro science to in vivo environment to maximize the effect of cell-based therapies [2] .
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In this review we shall discuss the role of cord blood derived stem cells and patient specific induced pluripotent stem cells in regenerative medicine and the obstacles and pitfalls.
HISTORY OF CELLULAR REPROGRAMMING
In late 1950 early 1960s, Sir John Bertrand Gurdon was able to transfer the nucleus of a tadpole's intestinal cell into an enucleated fertilized tadpole egg to give rise to the tadpole 'Molly' [3] . This paved the way for the concept that process of differentiation does not cause a loss but merely different expression of the genes for pluripotency; hence the first cloned mammal 'Dolly': the sheep was born in 1996. Subsequently, in 2006, Dr. Shinya Yamanaka showed that it was possible to revert a mature differentiated cell back into an immature pluripotent state, so that it would behave like an embryonic stem cell [4, 5] (Fig. 1) . This reprogrammed cell was called an 'induced pluripotent stem cell' (iPSC). These may be used inter-changeably for any of the applications of ESCs since they have been found to have similar expression patterns for pluripotency related genes and methylation patterns [6] .
CLASSIFICATION OF STEM CELLS
Stem cells can be classified into embryonic stem cells and tissue stem cells based upon their source of origin [7] . Embryonic stem cells are derived from the inner cell mass of blastocyst and are pluripotent. However, their isolation leads to destruction of the embryo. In contrast, the tissue stem cells can be isolated from their respective tissues and are not pluripotent. These tissue stem cells play an important role in regeneration following injury [8] . 
DISEASES FOR WHICH STEM CELL TRANS-PLANTATION HAS BEEN USED
For most diseases curative treatment is still unavailable and the patients are maintained on supportive care. Stem cell discovery is a major breakthrough in the field of regenerative medicine. These cells have the capability to treat huge number of diseases. Hematopoietic stem cells in bone marrow transplantation were first used to treat hematological disorders. Bone marrow transplantation is now carried out routinely in hospitals for treatment of hematological disorders like leukemia while the other therapies for treatment of diseases are still in clinical trials.
Stem cell trials have been conducted for neurological diseases like Amyotrophic Lateral Selerosis (ALS) and spinal injuries. In phase I clinical trial, intra-spinal injections of human fetal neural stem cell into lumbar and cervical regions of spinal cord have been used in patients of amyotrophic lateral sclerosis [9] . The human fetal neural stem progenitor cells have been attempted for patients suffering from injuries of thoracic spine, particularly between T2-T11 thoracic level and subsequent improvement in sensory function observed. Few patients had minor improvement in motor function and rectal control [10] . Phase II clinical trials are being conducted for cervical spine injuries.
The autologous endothelial progenitor cells have been used to benefit patients with vascular disorders. These cells promote angiogenesis and have helped patients with refractory angina. The reduction in number of angina episodes adds up to the success of clinical trial [11] . Another trial has been conducted on patients with critical limb ischemia using autologous endothelial and hematopoietic progenitor cells with resulting improvement in symptoms [12, 13] . Bone marrow Mesenchymal Stem Cells (MSC) have also been attempted for transplantation in patients with critical limb ischemia but significant adverse effects have been noted [14] .
The immunosuppressive properties of MSC have provided treatment options for many diseases. GVHD is a cause of high mortality in recipients of allogenic transplants. Prochymal MSC is the first stem cell therapy approved for treatment of steroid resistant, acute GVHD in pediatric patients reducing transplant related mortality and high survival rates [15] . The immunosuppressive property of MSC has also been employed for treatment of relapsing and remitting MS. In these cases either intra-thecal or intravenous injections of autologous MSC have been attempted resulting in slight reduction in inflammation seen on MRI scan [16] .
Intra-articular injections of MSC have been shown to dramatically improve symptoms in patients of osteoarthritis [17] . Similarly, the patients with chronic back pain caused by degenerated disc diseases have shown improvement with injection of autologous expanded MSC. The cell therapy can be considered as an alternative to surgery in patients with intravertebral disc disease with subsequent relief in pain post surgery [18] .
STEM CELLS IN CLINICAL TRIALS
The first clinical trial for patient specific iPSC was conducted in Japan for age related macular degeneration (AMD). The trial was initiated in 2013 with reprogramming of somatic cell to generate patient specific iPSCs. The iPSCs were differentiated into sheets of retinal pigment epithelium (RPE) cells. A 70-year-old lady with AMD underwent iPSC derived RPE transplant in 2014 which resulted in vision restoration. The second trial was postponed as mutation was detected in the next patient's iPSCs [10] . But, this is not possible for every type of tissue since, for example, tissue stem cells may not have been identified in that tissue, their attainment may be a high-risk procedure (as in the case of the heart) or they may fail to divide in vitro. In such situations, ESC and iPSCs play a promising role. This approach would also be appropriate for patients with retinal disorders whose limbal stem cells have been depleted. Also ESCs and iPSCs may be used in vitro for creating 3D structures for replacing diseased or damaged tissues/organs for transplantation into a patient these seemingly straightforward applications are very challenging and complicated to carry out and much research is underway on bench-bedside transition for advancing the cause of many currently partly or entirely untreatable diseases like muscular dystrophies and spinal cord injuries [19, 20] .
Some of the challenges include ethical issues attached with ESC use and so they may only be obtained from redundant embryos at IVF clinics. This also means that they are difficult to obtain, unsuitable for studying rare genetic disorders and allogenic; hence susceptible to rejection and entailing immunosuppression. This makes autologous iPSC a more appropriate choice. Yet, there are real issues of mutagenesis in iPSCs resulting in cancer and risk of pathogen (virus) transfer with allogeneic iPSC use.
Nevertheless, the translational field of regenerative medicine is currently growing at a monster pace and lots of new exciting avenues for research are opening up along the way. It has given us hope for the future cure of previously untreatable conditions and this gives strength and momentum to its advancement.
INDUCED PLURIPOTENT STEM CELLS IN REGENERATIVE MEDICINE
The use of induced pluripotent stem cells in regenerative medicine are manifolds. The applications of different cell therapies in clinical trials depend upon multiple factors like scalability, risks and safety profiles [21] . Limbal stem cells, neural stem cells, mesenchymal stem cells and pluripotent stem cells have promising role in regenerative medicine [10] .
Ocular burns usually lead to destruction of transparent and avascular corneal epithelium resulting in blindness. Limbal stem cells hold the potential to regenerate corneal epithelium in patients with ocular burns [10] .
Limbal stem cells derived from patient specific iPSCs can serve as potential source of cells for corneal regeneration and vision restoration in patients with ocular burns [10, 22] . Holoclar has been approved by European Medicine Agency as the first drug for treatment of burn associated blindness. It is suitable for treating moderate to severe limbal stem cell deficiency [10] .
Retinitis pigmentosa is an inherited retinal disorder that leads to loss of photoreceptor cells and visual deterioration. IPSCs derived from patients of retinitis pigmentosa can be differentiated into rod photoreceptor cells following genome editing to correct the inherent mutation in these patients. This can provide a treatment option for the suffering patients [23] .
CORD BLOOD FOR REGENERATIVE MEDICINE
An estimated yearly birth rate of more than 140 million births worldwide offers the umbilical cord blood (UCB) as a source for cells to be used in a wide variety of clinical conditions [24, 25] . Contrary to any unrelated donor cell, UCB is collected without any risk and non-invasively which can be cryopreserved for longer time without the loss of basic features like cell viability, functionality and have lower risk to transfer viral infections and mutations which causes complications to the patient after transplantation [25, 26] . Disadvantage of UCB includes cell dosage and delayed engraftment which are the main hurdles and the conventional UCBrelated treatment have restrictions whenever receivers are more and patients with known resistant to engraftment due to lower hematopoietic per UCB unit [25, [27] [28] [29] [30] .
ISOLATED CELL TYPES FROM CORD BLOOD
UCB contains hematopoietic progenitor cells (HPCs) as well as non-hematopoietic cells including mesenchymal stromal/stem cells (MSCs) and endothelial progenitor cells [25] . MSCs consist of multipotent progenitors which can be differentiated towards chondrogenic, osteogenic and adipogenic lineage and it is estimated that approximately 100 ml of UCB contains 1000-5000 MSCs [31, 25] . Other population with different pluripotency potential can be derived from UCB includes unrestricted somatic stem cells (USSC) having the potential to differentiate into all three fates as observed [32] .
Endothelial progenitor cells (EPCs) are another useful source found in CB having angiogenic properties, but there is no exact definition of an EPC and they can only be primarily distinct through the expression of cell-surface antigens based upon their clonogenic and proliferative potential. Some EPCs form colonies which can give rise to 100 population doublings, referred as high proliferative potential endothelial colony forming cells (HPP-ECFCs) upon replating produce secondary colonies stated as low proliferative potential endothelial colony forming cells (LPP-ECFCs) and tertiary colonies, referred as endothelial cell clusters (ECCs), are composed of less than 50 cells and cannot give rise to colonies upon replating. They have high levels of telomerase activity based upon their proliferative potential in human umbilical cord blood [33] . However, UCB is routinely used for hematopoietic stem cell transplantation in order to treat haematological conditions for a wide range of diseases but it can be used for regenerative cellular based treatment and immunomodulation [25, 34, 35] . There are some clinical studies that have already been done and some of them have been halted for some issues [25] .
The discovery of iPSCs [4, 5] made the UCB as a beneficial source of juvenescent somatic cells to be used for reprogramming, making the UCB to be applied beyond the haematological disorders and iPSCs allows to produce organ from one's personal cells signifies for regenerative medicine [36, 37] . Among other cell sources CB have several advantages including ease in collection, non-invasive, juvenescent cells source, acquire less somatic mutations as compare to adult cells, higher proliferation, rich in HSCs and easier to reprogram [38] .
LOCAL WORK RELATED TO REGENERATIVE MEDICINE IN PAKISTAN
The field of regenerative medicine is at its beginning in Pakistan. Stem cell transplantation has been established only for hematological disorders. Allogenic bone marrow transplant has been established for aplastic anemia, β-thalassemia and hematological malignancies like AML at various hospitals like Agha Khan Hospital, Bismillah Taqee Institute of Health Sciences and Armed Forces Bone Marrow Transplant Centre in Pakistan [39] .
FUTURE PERSPECTIVES
Over the last 10 years, regenerative medicine is proceeding with increasing information in cell fate but there are various issues to be addressed for clinical applicability [40] . Still, the cells isolated are majorly immature and give rise to heterogeneous cell population which causes complications inside the body as diseased organs rely upon numerous different functional cells and any transplantation of unauthentic cell may results in non-functionality or increase stimulation which can worsen the condition [40] . Along with it, the chances of teratogenicity and immune rejection should be excluded and in order to enhance cellular based therapy it is noteworthy to stimulate long-term graft [40, [41] [42] [43] .
Clinical trials are going on to use the MSCs as antiinflammatory agents because of their immunomodulatory mechanisms in autoimmune disorders and inflammatory diseases [44] . MSCs have also been used in renal repair [45] .
Senile muscular and skeletal disorders are global issues and important cause of morbidity which causes progressive degeneration of joints and bone with age, causing a patient to bear severe pain and various social and psychological problems Scientists are working world. Wide to discover cellbased treatments of these degenerative cartilage, joints and spinal diseases. MSCs have promising results in the application of these novel therapies. We cannot ignore the challenges that come across during invitro studies to isolate, culture, expand and differentiate the cells to particular lineage for the in vivo applications. The combination of biomaterials with cell-based therapies leads to a positive direction in the treatment of such disabling degenerative senile diseases [46] . For skin regeneration purposes three dimensional stem cell cultures are being established and their three dimensional printing to generate stem cell microenvironment engineered models are being used [47] .
Induced pluripotent stem cells using CB can be used for disease modelling, drug discovery, drug screening, cell replacement therapy and tissue regeneration [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] . Due to many properties, CB is a valuable source for iPSCs production and approximately 80-100 ml of CB contains about one billion cells which can be collected safely and easily from umbilical cord [59] and have promising future for regenerative and personalized medicine [48] .
OBSTACLES IN REGENERATIVE MEDICINE
The course of scientific strategies that are being explored, from bench to bedside would be best achieved by combining academic and clinical research with industrial support. The lack of funding for these costly research studies is one of the obstacles to move forward in the field [60] . The ideas of preclinical trials are required to discover new efficient therapies and there is a need to have more industrial-scale approach that provide platform for association with more techniques to afford disease targeted research plans.
Other restrictions in regenerative medicine include the models for clinical trials like mice models that do not exactly mimic, human body in fact, there is no specie in the world that can exactly mimic the human microenvironment. The idea to create diseases in a dish using induced pluripotent stem cells to evaluate widely dissimilar constituents of human body, to understand mechanisms and genetic mutations that effects the system like central nervous system and cardiovascular system are new strategies to enhance the field [61] .
Failure to suppress immunity in order to control graft rejection after allogenic stem cells transplant is a major obstruction to translate cell-based therapies. Scientists are working to control the response of immune rejection after transplantation [62] .
CONCLUSION
In the current era of stem cell research, the clinical translation of therapies from bench towards bedside aims at establishing personalized approach for effective management and treatment of patients suffering from debilitating diseases. After laboratory research, extensive pre-clinical evaluation is required to assess the efficacy and safety of the product on invitro disease model before instigating it into human clinical trials. The implementation of therapies on humans as part of clinical trials is a multi-stage process that ultimately confirms the effectiveness of therapies [21] .
A primary cell bank needs to be established for carrying out pre-clinical studies. These cell lines should be generated under good manufacturing practice (GMP) guidelines to guarantee that they are devoid of any pathogenic element [63] .
The field of translational medicine is still in its naive state. Translation to clinical trials has been achieved for few diseases [21] mostly for eye diseases. The most favourable factor being limited number of cells required, easy accessibility to surgical procedures, easy visualization of cellular transplant and use of one eye as a control in bilateral disease [10] .
Using patients own cells for transplantation can greatly reduce the risk of any immune reactions and iPS cells provide a good option as they can be differentiated to any human cell type required for the patient. However, a major obstacle in translating iPSC based therapies to clinical trial is the effective delivery of iPSC derived cells to the target organ [64] .
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